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Tripyrranes are very useful building blocks in the synthesis of
various porphyrinoids [1], which have been discovered in a
wide range of applications in the ﬁelds of material chemistry
[2]. In the last two decades, Lee [3] and Dolphin [4] have
reported one-ﬂask synthesis of b-unsubstituted meso-aryl
substituted tripyrranes, which could be categorized into a
derivative of Lindsey’s method of dipyrromethane synthesis
[5]. However, the puriﬁcation process is not clearly mentioned
in the paper due to the existence of excessive pyrrole, dipyr-
romethanes, tetrapyrranes, oligomers, etc. At this moment
the really convenient method for their preparation does
not exist. Gryko [6] has developed a multi-step method tosynthesize the tripyrranes bearing meso-aryl substituents with
easier puriﬁcation. As for most occasions, the one-ﬂask
method is far preferred owing to its expediency and scalability.
To the best of our knowledge, the one-step selective synthesis
of b-unsubstituted meso-aryl substituted tripyrranes in organic
media is difﬁcult. Interestingly, in recent years, several aqueous
versions of synthesis of dipyrromethanes have been reported
[7]. Inspired by these works, to obtain tripyrrane in water
would be a signiﬁcant method that makes sense both synthet-
ically and environmentally. Given that, we present here an
optimized and selective one-ﬂask synthesis of b-unsubstituted
meso-aryl substituted tripyrranes in water in appropriate
yields.
2. Experimental part
2.1. Materials and physical measurements
Unless otherwise indicated, all reactions were conducted under
air atmosphere in clean glassware with a magnetic stirring bar.
Column chromatograph was performed with silica gel
(300–400 mesh) and analytical TLC on silica gel 60-F254. 1H
228 C.-Z. Gu et al.NMR (500 MHz), 13C NMR (126 MHz) spectra were recorded
on a varian 500 spectrometer in CDCl3 or, with tetramethylsil-
ane as an internal standard and reported in ppm (d). Mass
spectrometry was record on a Bruker micro TOF-Q II mass
spectrometer under ESI mode with negative source. Infrared
spectra were recorded on a Nicolet FT/IR-380 spectrophotom-
eter and reported as wave number (cm1). All starting materi-
als were obtained from commercial supplies and were used as
received. Benzaldehyde (1a) and p-tolualdehyde (1b) were
freshly redistilled before use. Pyrrole (2) was freshly redistilled
before use. All other reagents and solvents were used without
further puriﬁcation.2.2. General procedure for the preparation of b-unsubstituted
meso-aryl substituted tripyrranes
To 400 mL of 0.12 M aqueous HCl, pyrrole (0.64 mmol,
1.60 equiv.) was added, after stirring for 5 min at room
temperature, followed by the addition of the corresponding
aromatic aldehyde 1a–k (0.4 mmol, 1 equiv.) (Note: solid alde-
hyde dissolved in a very small amount of EtOH or THF before
use). The reaction mixture was then stirred at room tempera-
ture until full consumption of the starting aldehyde indicated
by TLC. The solution was neutralized with 25% aqueous
NH3. The mixture was stirred for 10 min and then extracted
with ethyl acetate. Organic phase was dried over anhydrous
MgSO4, ﬁltered and concentrated. The crude products were
puriﬁed through silica-gel chromatography [petroleum ether
(PE)/ethyl acetate (EtOAc)/dichloromethane
(DCM) = 16:3:1 (V:V:V)] to afford pure target products. All
the isolated products were characterized by 1H and 13C
NMR and mass spectral analysis.
2.3. Physical data of synthesized compounds
2.3.1. 5,10-Diphenyl-tripyrrane (4a)
Brownish-black solid, 22.6 mg, yield: 30%. m.p. 112–114 C;
IR (KBr, cm1): 3423.5, 3058.5, 2913.4, 1689.2, 1602.8,
723.5, 698.6; 1H NMR (500 MHz, CDCl3, d ppm): 7.91 (s,
br, 2 H, N–H), 7.75 (s, br, 1 H, N–H), 7.31–7.17 (m, 10 H,
Ar–H), 6.68 (dd, J= 2.5 Hz, J= 4.0 Hz, 2 H, pyrrole-H),
6.13 (dd, J= 3.0 Hz, J= 6.0 Hz, 2 H, pyrrole-H), 5.87 (s, 2
H, pyrrole-H), 5.75 (d, J= 3.0 Hz, 2 H, pyrrole-H), 5.38 (s,
2 H, meso-H);13C NMR (126 MHz, CDCl3) d 142.1, 132.6,
132.4, 128.7, 128.5, 127.1, 117.3, 108.5, 107.5, 107.3, 44.2;
HRMS (ESI-Q-TOF) calcd for [M-H] C26H22N3 376.1814,
found 376.1830.
2.3.2. 5,10-Ditolyl-tripyrrane (4b)
Dark brownish solid, 23.2 mg, yield: 28.6%. m.p. 131–133 C;
IR (KBr, cm1): 3415.2, 3025.3, 2921.7, 1694.0, 1515.7, 765.0,
715.2; 1H NMR (500 MHz, CDCl3, d ppm): 7.89 (s, br, 2 H,
N–H), 7.74 (s, br, 1 H, N–H), 7.12 (d, J= 8.0 Hz, 4 H, Ar–
H), 7.08 (d, J= 8.0 Hz, 4 H, Ar–H), 6.66 (s, 2 H, pyrrole-
H), 6.13 (d, J= 2.5 Hz, 2 H, pyrrole-H), 5.88 (s, 2 H, pyr-
role-H), 5.76 (d, J= 2.0 Hz, 2 H, pyrrole-H), 5.33 (s, 2 H,
meso-H); 2.35 (s, 6 H, methyl); 13C NMR (126 MHz, CDCl3)
d 139.2, 136.6, 132.9, 132.5, 129.4, 128.3, 117.1, 108.4, 107.4,
107.1, 43.8, 21.2. HRMS (ESI-Q-TOF) calcd for [M-H]
C28H26N3 404.2127, found 404.2066.2.3.3. 5,10-Di(p-chlorphenyl)-tripyrrane (4c)
Brown solid, 46.7 mg, yield: 52.5%. m.p. 120–122 C; IR
(KBr, cm1): 3427.7, 3361.3, 3095.9, 1689.9, 1590.3, 1490.8,
1092.6, 769.1, 719.3; 1H NMR (500 MHz, CDCl3, d ppm):
7.89 (s, br, 2 H, N–H), 7.74 (s, br, 1 H, N–H), 7.28
(d, J= 8.0 Hz, 4 H, Ar–H), 7.11 (d, J= 8.0 Hz, 4 H,
Ar–H), 6.69 (s, 2 H, pyrrole-H), 6.15(d, J= 1.5 Hz, 2 H,
pyrrole-H), 5.86 (s, 2 H, pyrrole-H), 5.74 (d, J= 2.5 Hz, 2
H, pyrrole-H), 5.33 (s, 2 H, meso-H); 13C NMR (126 MHz,
CDCl3) d 140.6, 132.9, 132.2, 132.0, 129.8, 128.8, 117.6,
108.6, 107.7, 107.5, 43.5. HRMS (ESI-Q-TOF) calcd for
[M-H] C26H20Cl2N3 444.1034, found 444.1161.
2.3.4. 5,10-Di(p-iodophenyl)-tripyrrane (4d)
Brownish solid, 58.3 mg, yield: 46.4%. m.p. 114–116 C; IR
(KBr, cm1): 3423.5, 3100.0, 2913.4, 1681.6, 1582.0, 1486.6,
1005.5, 765.0, 715.2; 1H NMR (500 MHz, CDCl3, d ppm):
7.88 (s, br, 2 H, N–H), 7.71 (s, br, 1 H, N–H), 7.62 (d,
J= 8.0 Hz, 4 H, Ar–H), 6.92 (d, J= 8.5 Hz, 4 H, Ar–H),
6.69 (dd, J= 2.5 Hz, J= 4.5 Hz, 2 H, pyrrole-H), 6.14(dd,
J= 3.0 Hz, J= 6.5 Hz, 2 H, pyrrole-H), 5.84 (s, 2 H,
pyrrole-H), 5.73 (d, J= 3.0 Hz, 2 H, pyrrole-H), 5.30 (s, 2
H, meso-H); 13C NMR (126 MHz, CDCl3) d 141.8, 137.8,
132.0, 131.8, 130.5, 117.6, 108.7, 107.8, 107.5, 92.5, 43.7.
HRMS (ESI-Q-TOF) calcd for [M-H] C26H20I2N3 627.9747,
found 627.9638.
2.3.5. 5,10-Di(p-nitrophenyl)-tripyrrane (4e)
Brownish solid, 52.1 mg, yield: 55.8%. m.p. 168–169 C; IR
(KBr, cm1): 3412.6, 3069.3, 2928.2, 1694.8, 1588.5, 1498.2,
1067.5, 749.2, 704.8; 1H NMR (500 MHz, CDCl3, d ppm):
8.156 (d, J= 8.5 Hz, 4 H, Ar–H), 7.974 (s, 2 H, N–H),
7.858 (s, 1 H, N–H), 7.345 (d, J= 8.5 Hz, 4 H, Ar–H),
6.746 (s, 2 H, pyrrole-H), 6.163–6.153 (m, 2 H, pyrrole-H),
5.843 (s, 2 H, pyrrole-H), 5.724–5.712 (m, 2 H, pyrrole-H),
5.494 (s, 2H, pyrrole-H); 13C NMR (126 MHz, CDCl3)
d 149.4, 147.1, 131.6, 130.7, 129.3, 124.0, 118.2, 109.0, 108.4,
108.0, 44.0. HRMS (ESI-Q-TOF) calcd for [M-H]
C26H20N5O4 466.1515, found 466.1484.
2.3.6. 5,10-Di(p-methoxyphenyl)-tripyrrane (4f)
Sticky brownish yellow solid, 22.9 mg, yield: 26.2%. m.p. 85–
87 C; IR (KBr, cm1): 3409.6, 3086.3, 2932.6, 1700.6, 1595.1,
1482.8, 1247.0, 748.9, 709.8; 1H NMR (500 MHz, CDCl3, d
ppm): 7.91 (s, br, 2 H, N–H), 7.75 (s, br, 1 H, N–H), 7.11
(d, J= 8.5 Hz, 4 H, Ar–H), 6.85 (d, J= 8.5 Hz, 4 H,
Ar–H), 6.66 (s, 2 H, pyrrole-H), 6.14 (d, J= 1.5 Hz, 2 H,
pyrrole-H), 5.88 (s, 2 H, pyrrole-H), 5.76 (s, 2 H, pyrrole-H),
5.30 (s, 2 H, meso-H); 3.80 (s, 6 H, MeO–); 13C NMR
(126 MHz, CDCl3) d 158.5, 134.3, 133.0, 132.7, 129.4, 117.2,
114.0, 108.4, 107.3, 107.0, 55.4, 43.3. HRMS(ESI-Q-TOF)
calcd for [M-H] C28H26N3O2 436.2025, found 436.2017.
2.3.7. 5,10-Di(o-methoxyphenyl)-tripyrrane (4g)
Brownish black solid, 20.5 mg, yield: 23.4%. m.p. 123–125 C;
IR (KBr, cm1): 3411.0, 3095.9, 2934.1, 1702.3, 1598.6, 1486.6,
1246.1, 752.5, 715.2; 1H NMR (500 MHz, CDCl3, d ppm):
8.10–8.06 (m, br, 3 H, N–H), 7.26–7.22 (m, 2 H, Ar–H),
7.11–7.01 (m, 2H, Ar–H), 6.93–6.88 (m, 4 H, Ar–H), 6.65–
6.63 (m, 2 H, pyrrole-H), 6.14–6.12 (m, 2 H, pyrrole-H), 5.89
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J= 2.5 Hz, 2 H, pyrrole -H); 5.72 (d, J= 3.0 Hz, 2 H, pyrrole
-H); 3.72 (s, 3 H, MeO-); 3.70 (s, 3 H, MeO-); 13C NMR
(126 MHz, CDCl3) d 156.7, 132.8, 131.8, 131.1, 129.6, 128.1,
121.0, 116.6, 111.2, 108.2, 106.8, 106.7, 55.7, 38.1. HRMS
(ESI-Q-TOF) calcd for [M-H] C28H26N3O2 436.2025, found
436.2006.
2.3.8. 5,10-Di(o-chlorphenyl)-tripyrrane (4h)
Brownish yellow solid, 16.6 mg, yield: 18.6%. m.p. 112–
114 C; IR (KBr, cm1): 3423.5, 3377.9, 3062.7, 2917.5,
1702.3, 1561.3, 1461.8, 1026.3, 756.7, 723.5; 1H NMR
(500 MHz, CDCl3, d ppm): 7.99 (s, br, 2 H, N–H), 7.83 (s,
br, 1 H, N–H), 7.37–7.36 (m, 2 H, Ar–H), 7.20–7.18 (m, 4H,
Ar–H), 7.09–7.05 (m, 2 H, Ar–H), 6.70 (s, 2 H, pyrrole-H),
6.14 (dd, J= 2.5 Hz, J= 5.5 Hz, 2 H, pyrrole-H), 5.86 (s, 2
H, pyrrole-H), 5.83 (s, 2 H, meso-H), 5.74 (d, J= 2.5 Hz, 1
H, pyrrole -H); 5.72 (d, J= 2.0 Hz, 1 H, pyrrole -H); 13C
NMR (126 MHz, CDCl3) d 140.1, 133.8, 131.3, 131.2, 129.9,
129.8, 128.3, 127.2, 117.4, 108.7, 107.9, 107.5, 40.8. HRMS
(ESI-Q-TOF) calcd for [M-H] C26H20Cl2N3 444.1034, found
444.1005.
2.3.9. 5,10-Di(2,4-dichlorphenyl)-tripyrrane (4i)
Brownish green solid, 28.7 mg, yield: 32.2%. m.p. 147–148 C;
IR (KBr, cm1): 3420.1, 3078.1, 2930.6, 1591.0, 1563.5, 1443.2,
1089.2, 778.1, 714.5; 1H NMR (500 MHz, CDCl3, d ppm): 7.97
(s, br, 2 H, N–H), 7.82 (d, br, J= 24.5 Hz, 1 H, N–H), 7.39 (s,
2 H, Ar–H), 7.17 (dd, J= 1.5 Hz, J= 8.5 Hz, 2H, Ar–H),
6.99 (dd, J= 7.5 Hz, J= 7.8 Hz, 2 H, Ar–H), 6.71 (s, 2 H,
pyrrole-H), 6.15 (d, J= 2.0 Hz, 2 H, pyrrole-H), 5.84 (s, 2
H, pyrrole-H), 5.75 (s, 2 H, meso-H), 5.72 (s, 1 H, pyrrole -
H); 5.67 (s, 1 H, pyrrole -H); 13C NMR (126 MHz, CDCl3)
d 138.8, 134.4, 133.442, 130.9, 130.7, 130.6, 129.5, 127.4,
117.7, 108.8, 108.1, 107.7, 40.8. HRMS (ESI-Q-TOF) calcd
for [M-H] C26H18Cl4N3 512.0255, found 512.0243.
2.3.10. 5,10-Di(2,6-dichlorphenyl)-tripyrrane (4j)
Brownish solid, 12.8 mg, yield: 14.4%. m.p. 150–152 C; IR
(KBr, cm1): 3424.5, 3100.0, 3075.1, 2925.8, 1582.0, 1557.1,
1441.0, 1092.6, 785.7, 752.5, 711.1; 1H NMR (500 MHz,
CDCl3, d ppm): 8.47 (d, br, J= 15.5 Hz, 1 H, N–H), 8.23 (s,
br, 2 H, N–H), 7.34–7.32 (m, 4H, Ar–H), 7.15–7.11 (m, 2H,
Ar–H), 6.71–6.70 (m, 2 H, pyrrole-H), 6.45 (d, J= 2.5 Hz, 2
H, pyrrole-H), 6.20–6.17 (m, 2 H, pyrrole-H), 6.07–6.04 (m,
2 H, pyrrole-H), 6.03(s, 2 H, meso-H); 13C NMR (126 MHz,
CDCl3) d 137.1, 135.9, 129.6, 129.5, 128.7, 128.7, 116.9,
108.8, 107.9, 107.2, 40.2. HRMS (ESI-Q-TOF) calcd for [M-
H] C26H18Cl4N3 512.0255, found 512.0242.
2.3.11. 5,10-Di(2,4,6-trimethylphenyl)-tripyrrane (4k)
Brownish black solid, 10.9 mg, yield: 11.8%. m.p. 145–147 C;
IR (KBr, cm1): 3417.2, 3068.4, 2920.6, 1696.3, 1582.0, 1517.1,
1087.2, 766.5, 1H NMR (500 MHz, CDCl3, d ppm): 7.87 (s, br,
2 H, N–H), 7.79 (s, br, 1 H, N–H), 6.83 (s, 4 H, Ar–H), 6.64–
6.62 (m, 2 H, pyrrole-H), 6.14 (dd, J= 3.0 Hz, J= 5.5 Hz, 2
H, pyrrole-H), 5.90 (s, 2 H, pyrrole-H), 5.87 (d, J= 3.0 Hz, 2
H, pyrrole-H), 5.84 (s, 2 H, meso-H), 2.28(s, 6 H, methyl);
2.04(s, 12 H, methyl); 13C NMR (126 MHz, CDCl3) d 137.5,
136.6, 134.7, 132.1, 130.4, 129.4, 116.2, 108.7, 107.0, 106.2,38.5, 20.9, 20.7. HRMS (ESI-Q-TOF) calcd for [M-H]
C32H34N3 460.2753, found 460.2734.
3. Results and discussion
Before carrying out the experiments, the plausible mechanism
of this condensation reaction was proposed. As depicted in
Scheme 1, H+ is necessary to activate the aldehyde toward
the nucleophilic pyrrole [8]. However, strong H+, may lead
to extensive polymerization of pyrrole. Owing to the polymer-
ization of pyrrole and the formation of tars and other by-prod-
ucts, strictly controlled reaction conditions are needed for the
selective synthesis of tripyrrane. As has been reported, the
nucleophilic addition of pyrrole to aldehydes can yield dipyr-
romethane, tripyrrane, tetrapyrrane, etc. Since those products
and pyrrole have similar nucleophilic activities toward electro-
philic aldehyde or/and the intermediate 1, the previously
formed dipyrromethanes continue to react with aldehyde and
pyrrole, leading to the formation of tripyrromethanes and
other high oligmers. The Lindsey method reveals that such
negative effects could be reduced by careful control of the reac-
tion time, using a large excessive amount of pyrrole or adding
InCl3 Lewis acid. Consequently, the reaction yielding isolable
quantities of dipyrromethane products.
The mechanism of this condensation of pyrrole and alde-
hyde in water is similar to that in organic solvents. The obvi-
ous difference between these two conditions is that
dipyrromethane, tripyrrane and other oligmers have very lim-
ited solubility in water. Meanwhile, the solubility of tripyrrane
in water is even smaller than that of dipyrromethane. It is well
known that the solubility is generally considered a prerequisite
for reactivity. So we can decently explain why the normal reac-
tion conditions in organic phase cannot stop the oligomeriza-
tion process at the dipyrromethane stage and cannot selectively
yield to tripyrrane.
The oriented synthesis employs HCl as catalyst, water as
the reaction medium, and a stoichiometric amount of aldehyde
with pyrrole, in which the aldehyde reaches just before its sol-
uble limitations in water. Owing to 1 mmol/L saturate con-
centration of an aldehyde, the primarily formed
dipyrromethane may have considerable solubility in water
and will continue to react with other aldehyde and pyrrole,
affording tripyrrane with little solubility. Previously, Kra´l
and co-workers have described a similar procedure that low
concentration of starting compounds (aldehyde and pyrrole)
led to preferential formation of tripyrranes. However, they
did not provide full spectral data [9]. In this sense, such a sys-
tem could be described as the selective synthesis of tripyrrane.
Based upon the above analysis, our ﬁrst effort was the
determination of the optimal conditions, involving the molar
ratio and the concentrations of starting compounds (aldehyde
and pyrrole) and the HCl catalyst. Initially, the condensation
of pyrrole and benzaldehyde was selected as model reaction.
To our delight, we found that in the presence of 1%
(0.12 mol/L) HCl, a 2:3 M ratio of aldehyde and pyrrole cou-
pled smoothly under very mild conditions within 24 h, produc-
ing the desired tripyrrane in 30% isolated yield with good
chemoselectivity (Table 1, entry 1–2). More interestingly, no
dipyrromethane was formed in this process. However, other
higher oligmer analogues seemed inevitable. By lowering the
reaction temperature to 10 C, similar results were obtained.
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Scheme 1 Proposed mechanism of condensation reaction of aldehyde with pyrrole in water.
Table 1 The condensation reaction of benzaldehyde with pyrrole in water under different conditions.
Ph CHO +
N
H HCl
water
NH
Ph
N
H
Ph
HN +
other oligmer
421
NH
Ph
HN +
3
Entry HCl [mol/L] T [C] T [h] 1 Conversion % 3 Yield %a 4 Yield %b
1 0.12 20 24 100 0 29.8
2 0.12 10 24 100 0 30.2
3 0.12 10 6 100 0 29.6
4 0.12 20 6 100 0 30.0
5 0.24 10 6 100 0 26.2
6 0.36 10 6 100 0 24.5
7 1.2 10 6 100 0 16.8
8c 0.12 10 6 100 0 28.6
9d 0.12 10 6 65 38 5.3
9 0 10 6 0 0 0
All reactions were carried out under air excluding light in a 1000 mL round bottom ﬂask with ideal magnetic stirring. The benzaldehyde
(0.4 mmol), the pyrrole (0.64 mmol), double distilled water (400 mL), the benzaldehyde (2 mmol), the pyrrole (3.2 mmol), double distilled water
(400 mL).
a No dipyrromethane traced by TLC analysis.
b Calculated Overall yields of 4 upon chromatographic puriﬁcation.
c These reactions were carried out under air excluding light in a 3000 mL round bottom ﬂask with ideal magnetic stirring. The benzaldehyde
(2 mmol), the pyrrole (3.2 mmol), double distilled water (2000 mL).
d These reactions were carried out under air excluding light in a 1000 mL round bottom ﬂask with ideal magnetic stirring.
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the increase of tripyrrane solubility in water and lead to the
acceleration of the undesirable oligomerizations. Next, the
reaction time was determined. The reaction procedure was
monitored by TLC and after 6 h, the starting benzaldehyde
exhausted completely, indicating the termination of tripyrrane
generation (Table 1, entries 3–4). Dipyrromethane was notfound in the reaction. However, other side reactions such as
oligomerization and isomerization still existed. So in this reac-
tion, reaction time should be no more than 6 h to reach the
optimal yield. The loading of HCl catalyst was then evaluated
for the condensation reaction. To our surprise, higher catalyst
loading resulted in lower yields of 25% (Table 1, entries 5–6);
further increase of the HCl catalyst loading to 10% led to an
Table 2 The condensation reaction of various aromatic aldehydes with pyrrole in water.
Ar CHO +
N
H HCl
water
NH
Ar
N
H
Ar
HN
+ other oligmer
421
Entry Ar Temperature [C]a Time [h] 4 Yield %b 4 Relative content %c
1 1a, C6H5 10 10 30.0 50.47
2 1b, p-MeC6H4 10 10 28.6 47.59
3 1c, p-ClC6H4 10 10 52.5 84.10
4 1d, p-IC6H4 10 10 46.4 64.43
5 1e, p-NO2C6H4 10 10 55.8 86.70
6 1f, p-MeOC6H4 10 10 26.2 50.10
7 1g, o-MeOC6H4 20 10 23.4 39.42
8 1h, o-ClC6H4 20 10 18.6 44.35
9 1i, 2,4-Cl2C6H3 20 10 32.2 40.45
10 1j, 2,6-Cl2C6H3 20 10 14.4 49.27
11 1k, 2,4,6-Me3C6H2 20 10 11.8 39.26
All reactions were carried out under air excluding light in a 500 mL round bottom ﬂask with ideal magnetic stirring. The aldehyde (0.4 mmol),
the pyrrole (0.64 mmol), double distilled water (400 mL).
a Room temperature, varied according to weather and season.
b Calculated Overall yields 4 upon chromatographic puriﬁcation.
c 4 Relative content in crude products was determined by HPLC.
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ally, the reaction can be scaled-up easily without loss of
reaction yield or selectivity (Table 1, entries 8). However, at
the same reaction condition, increasing the concentration of
benzaldehyde to 5 mmol/L, the main products are dipyrrome-
thane and only 5.3% of tripyrrane was obtained (Table 1,
entry 8), Finally, control experiment showed that the reaction
cannot proceed in the absence of HCl catalyst (Table 1, entry
9).
Under optimized reaction conditions (water, rt, 1% HCl),
various aromatic aldehydes were tested and the results are
summarized in Table 2. Various aromatic aldehydes were
appropriate substrates for the reaction. For aromatic alde-
hydes, substitution of an electron-withdrawing group at the
para position of the ring resulted in higher yield than those
bearing the electron-donating group (Table 2, entry 3–5 vs.
1–2, 6), for electron-withdrawing groups rendered the aromatic
aldehydes with more electrophilicity. Speciﬁcally, noting that
the sterically hindered aldehydes, substitution of either an
electron-withdrawing group or an electron-donating group at
the ortho position of the ring had an obvious impact on
the reaction, resulting in lower yields (Table 2, entry 7–8 vs.
10–11).
We have investigated the stability of those b-unsubstituted
meso-aryl substituted tripyrranes to routine handling. No
decomposition was observed upon silica column chromatogra-
phy (10 h) or vacuum drying (40 h) at ambient tempera-
ture. Upon drying, the tripyrranes existed as light or dark
brown amorphous, foam-like solids. There are new faint pig-
ment spots on TLC when tripyrranes were exposed to air for
two weeks at ambient temperature. However, these exhibited
faint decomposed impurities do not affect the results of 1HNMR and high resolution mass spectrometry. The dried sam-
ple upon storage at 4 C in nitrogen atmosphere and pro-
tected from the light gave no obvious decomposition for up
to two months.4. Conclusion
In summary, the b-unsubstituted meso-aryl substituted tripyrr-
anes have been synthesized selectively in water under mild con-
ditions, and exclusion of the undesired dipyrromethane could
pose signiﬁcant advantages over existing methods. Electronic
effects of the substituents attached to the phenyl ring of
benzaldehydes would affect the reaction. Electron-withdrawing
groups rendered the reaction with moderate yields; while the
electron-donating groups only afforded 30% yields. The ortho
substituents on the phenyl ring resulted in lower yield due to
their steric effect. A notable point is that the selectivity for
tripyrranes depended on the nature of the aldehyde and could
be controlled by the molar ratio and concentrations of the
starting materials. Further work on expanding the range of
suitable substrates, including other heteroaromatic aldehyde
such as furfural, is in progress.Acknowledgements
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